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(3) Apparatus for cooling electronic equipment 



(57) An electronic equipment cooling apparatus 
including an airtight case (1, 20) having an 
internal chamber (1A, 20A), a cooling module 
(2) located in the airtight case for cooling an 
electronic equipment (3), a first heat exchanger 
(4) located in the airtight case for dehumidifying 
the internal chamber of the airtight case, an 
external cooling medium supply unit (10) 
located outside the airtight case for feeding a 
cooling medium, and a pipeline (6) connecting 
the external cooling medium supply unit, the 
cooling module and the first heat exchanger to 
make a circulation therethrough of the cooling 
medium from the external cooling medium sup- 
ply unit in the cooling module and the first heat 
exchanger, to thereby lower a dew-point tem- 
perature in the airtight case. 



Fig. 1 
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The pres nt invention relates to an electronic 
quipment cooling apparatus which includ s an air- 
tight case accommodating electronic quipment to be 
cooled and a cooling module: th electronic equip- 
ment being cooled by supplying a cooling medium 
(coolant) to the cooling module. 

The current higher processing speeds of super- 
computers and the like have resulted in a larger power 
consumption and higher-density installation. There- 
fore, to ensure a stable operation, electronic equip- 
ment in which semiconductor devices and other elec- 
tronic components are installed must be cooled to a 
low temperature, by using a cooling apparatus. 

In general, cold water, carbon fluoride, liquid ni- 
trogen and liquid helium are employed as cooling me- 
dia for the low-temperature cooling apparatus, and 
accordingly, such a low-temperature cooling appara- 
tus must be carefully constructed such that neither 
condensation nor frosting will occur, and thus the per- 
formance of the electronic equipment will not be ad- 
versely affected. 

Known cooling apparatuses have a configuration 
as shown in Figure 9. Figure 9A is a configuration di- 
agram, and Figure 9B is an explanatory diagram of a 
dehumidification unit shown in Fig. 9A. 

As shown in Figure 9A f an airtight case 1 made 
of a heat insulating material accommodates a cooling 
module 2 and electronic equipment 3. The cooling 
module 2 is coupled to a cooling medium supply unit 

10 via a pipeline 6, and the electronic equipment 3 is 
cooled by circulating a cooling medium 11 (designat- 
ed by arrows) through the cooling module 2. 

The cooling medium supply unit 10 is equipped 
with a refrigerator 10A for cooling a heat exchanger 
10B and a pump 10C for feeding the cooling medium 

11 cooled by the heat exchanger 10B. The cooling 
medium 11 from the heat exchanger 10B passes 
through the pipeline 6 and flows to a supply port 2A 
of the cooling module 2, and then flows out of a feed- 
back port 2B of the cooling module 2 to be fed back 
to the heat exchanger 10B via the pipeline 6, to there- 
by circulate the cooling medium. 

Furthermore, as shown in Figure 9B, a dehumidh 
fication unit 30 comprising a refrigerator 30 A for circu- 
lating the cooling medium to a heat exchanger 30B via 
a pipeline 30D, to cool the heat exchanger 30B, and 
a drain pan 30C for retaining water droplets generated 
by a cooled air taken in by the heat exchanger 30B, 
is incorporated in the airtight case 1 , to thereby dehu- 
midify the air in an internal chamber 1 A of the airtight 
case 1 and lower the dew-point temperature thereof. 

In a cooling system using the dehumidification 
unit 30 as constructed above, upon dehumidification, 
the chamber 1 A becomes cooler than the outside at- 
mosphere, and therefore, th airtight case 1 must be 
made of a heat insulating material so that no absorp- 
tion of external heat by the chamber 1 A occurs. Fur- 
thermore, th d humidification unit 30 may be instal- 



I d outside th airtight case 1 , as indicated by a phan- 
tom line 30' in Figur 9A, wher in an air pipe 31 draws 
the int rnal air from th chamber 1A of th airtight 
cas 1 into the dehumidification unit 30' and thus ach- 
5 ieves the required dehumidification. 

The airtight case 1 is provided with a door 1 B able 
to be opened for a maintenance inspection of the cool- 
ing module 2, the electronic equipment 3, or the de- 
humidification unit 30 accommodated inside the air- 
to tight easel. 

To circulate the cooling medium 1 1 in the cooling 
module 2 and thereby cool the electronic equipment 
3, the refrigerator 30A of the dehumidification unit 30 
is first driven to draw the internal air from the chamber 
15 1 A of the airtight case 1 into the heat exchanger 30B 
as indicated by an arrow F1 (Fig. 9B). Then, the re- 
frigerator 10A and the pump 10C in the cooling me- 
dium supply unit 1 0 is driven to start the supply of the 
cooling medium 1 1, to cool the electronic equipment 
20 3. 

Namely, the cooling of the electronic equipment 
3 is preceded by a dehumidifying of the chamber 1 A. 

In a conventional cooling system employing such 
a dehumidification unit 30 composed of a refrigerator 
25 30A and a heat exchanger 30B, to dehumidify the in- 
ternal chamber 1 A of the airtight case 1 , an expensive 
refrigerator 30A providing a temperature lower than 
the temperature of the cooling medium 1 1 must be in- 
corporated in the dehumidification unit 30, in addition 
30 to and independently of the cooling medium supply 
unit 10 having its own refrigerator 10A. This results in 
a complex system configuration and an increase in 
costs. 

A primary object of the present invention is to pro- 

35 vide a new cooling apparatus in which a cooling me- 
dium circulated in the cooling module is utilized to low- 
er the dew-point temperature in the airtight case, to 
thereby prevent condensation and frosting. 

According to the present invention, there is pro- 

40 vided an electronic equipment cooling apparatus 
comprising an airtight case having an internal cham- 
ber, a cooling module located in the airtight case for 
cooling an electronic equipment to be cooled, a first 
heat exchanger located in the airtight case for dehu- 

45 midifying the internal chamber of the airtight case, an 
external cooling medium supply unit located outside 
the airtight case, for feeding a cooling medium, and a 
pipeline connecting the external cooling medium sup- 
ply unit, the cooling module and the first heat ex- 

50 changer to thereby circulate therethrough the cooling 
medium from the external cooling medium supply unit 
in the cooling module and the first heat exchanger, 
and thus lower a dew-point temperature of the airtight 
case. 

55 With this arrangem nt, the cooling medium is cir- 
culated in the cooling module through th first heat x- 
changer, and thus the dehumidification is effected by 
the first heat exchanger. 
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Accordingly, the cooling of th electronic equip- 
ment and the dehumidification of the airtight case is 
effected by the cooling medium fed from th cooling 
medium supply unit, and as a result, th dehumidifi- 
cation unit 30 (Fig. 9) considered indispensable in the 
prior art, can be omitted to thereby simplify the con- 
struction thereof and reduce costs. 

Preferably, in the above-mentioned arrangement, 
the airtight case is made of a heat insulating material. 

Also, preferably a drain pan ts provided below the 
first heat exchanger in the airtight case, to receive and 
retain water droplets from the first heat exchanger. 

A second heat exchanger connected to the first 
heat exchanger in the airtight case through a duct can 
be provided to receive an exhaust from the first heat 
exchanger. The second heat exchanger contributes 
to an increase of the temperature of the exhaust With 
this structure, the air temperature within the internal 
chamber of the airtight case is raised to a given value 
by the second heat exchanger, and accordingly, the 
internal temperature of the airtight case is maintained 
at substantially the same level as the ambient outside 
temperature. Therefore, it is not necessary to make 
the airtight case of a heat insulating material, and this 
further reduces the manufacturing cost 

Preferably, the cooling module, the electronic 
equipment, and the pipeline are surrounded by a heat 
insulating member. 

For a better understanding of the invention, and 
to show how the same may be carried into effect ref- 
erence will now be made, by way of example, to the 
accompanying drawings, in which: 

Figure 1 is an explanatory view showing the prin- 
ciple of the present invention, according to a first 
aspect thereof; 

Figure 2 is an explanatory view showing the prin- 
ciple of the present invention, according to a sec- 
ond aspect thereof. 

Figure 3A is an explanatory view of an embodi- 
ment of the first aspect of the invention, shown in 
Fig. 1; 

Figs. 3B and 3C are diagrams of temperature dis- 
tributions in an arrangement shown in Fig. 3A; 
Figure 4A is an explanatory view of an embodi- 
ment of the second aspect of the invention shown 
in Fig. 2; 

Fig. 4B is a diagram of a temperature distribution 
in an arrangement shown in Fig. 4A; 
Figure 5 is a partial explanatory view of another 
embodiment of the present invention; 
Figure 6A is a partial explanatory view of still an- 
other embodiment of the present invention; 
Fig. 6B is a diagram of a temperature distribution 
in an arrangement shown in Fig. 6A; 
Figure 7A is a partial explanatory vi w of still an- 
other embodiment of the present invention; 
Fig. 7B is a diagram of a temperature distribution 
in an arrangement shown in Fig. 7A; 



Fig.7Cisaviewshowingamodifi d arrangement 
of Fig. 7A; 

Figure 8A is a partial explanatory vi w of still an- 
oth r embodiment of the present invention; 
5 Fig. 8B is a diagram of a temperature distribution 

in an arrangement shown in Fig. 8 A; 
Fig. 8C is a view showing a modified arrangement 
of Fig. SA; 

Figure 9A is an explanatory view of a known cool- 

10 ing apparatus; and, 

Fig. 9B is an enlarged view of a known dehumidi- 
fication unit shown in Fig. 9A. 
First, two arrangements according to two basic 
aspects of the present invention will be discussed with 

15 reference to Figures 1 and 2. 

A cooling apparatus, according to a first aspect of 
the present invention shown in Figure 1 , comprises a 
cooling module 2 for cooling electronic equipment 3, 
a first heat exchanger 4 for dehumidification, a drain 

20 pan 5 for retaining water droplets generated by the 
first heat exchanger 4, and an airtight case 1 accom- 
modating the cooling module 2, the electronic equip- 
ment 3, the first heat exchanger 4, and the drain pan 
5. (The airtight case 1 is made of a heat insulating ma- 

25 terial.) A cooling medium 1 1 (designated by arrows) 
flows through pipeline 6 from a cooling medium sup- 
ply unit 10 outside the airtight case 1 and is circulated 
through the cooling module 2 and the first heat ex- 
changer 4 to thereby lower the dew-point temperature 

30 of an internal chamber 1 A of the airtight case 1. Nu- 
merals 2A and 2B designate a supply port and feed- 
back port of the cooling module 2, respectively. 

A cooling apparatus, according to a second as- 
pect of the present invention shown in Figure 2, com- 
as prises a cooling module 2 for cooling electronic equip- 
ment 3, a first heat exchanger 4 for dehumidification, 
a drain pan 5 for retaining water droplets generated by 
the first heat exchanger 4, and a second heat ex- 
changer 8 for drawing an exhaust A from the first heat 

40 exchanger 4 via a duct 9 and raising the temperature 
of the exhaust A to a given value, and an airtight case 
20 accommodating the cooling module 2, the elec- 
tronic equipment 3, the first heat exchanger 4, the 
drain pan 5, and the second heat exchanger 8. A pi- 

45 peline 6 allows the cooling medium 1 1 from a cooling 
medium supply unit 1 0 to circulate through the cooling 
module 2 and the first heat exchanger 4. Also, the 
cooling module 2, the electronic equipment 3, and the 
pipeline 6 are provided with a heat insulating material 

50 7 as a cooling or surrounding thereof. The first heat 
exchanger 4 lowers the dew-point temperature in an 
internal chamber 20A of the airtight case 20. 

According to the first aspect of the invention, the 
cooling medium 11 circulating through th cooling 

55 module 2 in th airtight case 1 mad of a h at insu- 
lating materia) also circulates through the first heat ex- 
changer 4, which then d humidifies the chamber 1 A. 
Therefore, the supply of the cooling medium 11 
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ensures a cooling of th electronic equipment 3 and 
a dehumkJifying of the chamber 1 A. This allows a con- 
ventional dehumidification unit 30 (Figs. 9A, 9B) in- 
cluding a r frigerator 30A to b omitted, resulting in a 
simplified configuration and reduced costs, as men- 5 
tioned before. 

According to the second aspect of the invention, 
the cooling medium 1 1 circulating through the cooling 
module 2 in the airtight case 20 is also circulated in 
the first heat exchanger 4, which then dehumidifies 10 
the chamber 20A. The second heat exchanger 8 rais- 
es the temperature of the exhaust A from the first heat 
exchanger 4 to a given value. 

Thus, the second aspect of the invention ensures 
a dehumidification of the chamber 1 A in the same way 1 s 
as the first aspect of the invention. Furthermore, the 
temperature of the chamber 20A in the airtight case 
20 can be kept at a value substantially matching that 
of the outside temperature, and therefore, the airtight 
case 20 need not always be made of a heat insulating 20 
material. 

Figure 3 is an explanatory view of a first embodi- 
ment of the first invention shown in Fig. 1. Figure 3A 
is a configuration diagram, and Figures 3B and 3C are 
temperature distribution graphs thereof. The same 25 
symbols used in the different drawings represent the 
same elements. 

In Figure 3A, the first heat exchanger 4 and the 
drain pan 5 are arranged in the airtight case 1 , accom- 
modating the cooling module 2 for cooling the eleo- 30 
tronic equipment 3 attached thereto, made of a heat 
insulating material. A pipe 6A forming a part of the pi- 
peline 6 is coupled between the cooling medium sup- 
ply unit 10 outside the case 1 and the first heat ex- 
changer 4, and a pipe 6B forming the pipeline 6 is cou- 35 
pled between the first heat exchanger 4 and the cool- 
ing module 2, and a pipe 6C forming the pipeline 6 is 
coupled between the cooling module 2 and the cool- 
ing medium supply unit 10, respectively. 

The first heat exchanger 4, which is, per se, 40 
known, is equipped with a fan 4A, for drawing air from 
the chamber 1 A into the first heat exchanger 4, as in- 
dicated by an arrow F1 1 , and exhausting the air there- 
from as indicated by an arrow F12. 

The cooling medium 1 1 cooled to a given low tern- 45 
perature is supplied from the cooling medium supply 
unit 1 0 to the first heat exchanger 4 via the pipe 6A. 
After circulating in the first heat exchanger 4, the cool- 
ing medium flows out of the first heat exchanger 4, to 
the supply port 2A of the cooling module 2 via the pipe 50 
6B. After circulating in the cooling module 2, the cool- 
ing medium flows to the feedback port 2B of the cool- 
ing module 2 and is then fed back to the cooling me- 
dium supply unit 10 via the pipe 6C. 

In this cas , the pipes 6A and 6C exposed be- 55 
tween the airtight case 1 and the cooling medium sup- 
ply unit 10 can be coated with or surrounded by a heat 
insulating material or member 7, to prevent a temper- 



ature rise therein du to a higher outsid air temp r- 
ature. 

In the foregoing configuration, if the cooling me- 
dium 1 1 has a temperature lower than a room temper- 
ature RT (Fig. 3B) the temperature change is repre- 
sented as a curve ml of Figure 3B. The first heat ex- 
changer 4 cools the air in the chamber 1A to lower the 
temperature from T^ to T^, on a curve n1 , and thus 
raises the temperature of the cooling medium 1 1 from 
T im to T 10ut . Water droplets 15 generated by rapidly 
cooling the air in the chamber 1A are retained in the 
drain pan 5 located below the heat exchanger 4, and 
thus the chamber 1A is dehumidified. The cooling 
module 2 absorbs heat dissipated from the electronic 
equipment 3 to raise the temperature of the cooling 
medium 1 1 from T^n to T 2out . 

With circulation of the cooling medium 1 1 , the first 
heat exchanger 4 is first actuated to obtain a dehumi- 
difying effect, and this lowers the dew-point tempera- 
ture T^ to a low value indicated by a dashed line, 
which eventually prevents an occurrence of conden- 
sation and frosting during the cooling by the cooling 
module 2. 

Figure 3C shows the temperature characteristics 
of each element in an arrangement shown in Figure 
3A. The abscissa designates the time. In Fig. 3C, 
when the supply of the cooling medium is com- 
menced, the temperature T 1ln , T 10ut (= T 2 m) of the cool- 
ing medium is gradually lowered. Then, due to the 
heat capacity of the heat exchanger 4 and the heat ex- 
change between the heat exchanger 4 and the ambi- 
ent air thereof, T 10ut , becomes higher than T 1h (T l0IJt 
> T 1bl ), and further, since the cooling module has a 
large heat capacity, T^ becomes higher than T^ 
0"2out > T 2 in) untl completely cooled. 

At the point P (Fig. 3C), at which T lh becomes 
lower than the initial dew-point temperature T^ the 
dehumidification by the heat exchanger 4 starts, and 
thus Tde* begins to fall. Although T^ < T 1ouI does not 
always hold, it is possible to provide the relationship 
Tdew < T 1ouI , by appropriately determining the factors 
of the heat exchanger 4 (dehumidification capability, 
heat capacity, etc.), as shown in Figs. 6B and 8B. Fur- 
thermore, since the temperature (not shown) of the 
electronic equipment 3 when in operation is always 
higher than T^, and accordingly T l0Ub no condensa- 
tion occurs at the electronic equipment 3. 

The time at which the start of the heat generation 
commences can be defined, for example, by a time 
lapse from the commencing of the supply of the cool- 
ing medium, etc., since the temperature changes at 
each components tend to remain approximately con- 
stant at the beginning of the cooling medium supply. 

In the aforesaid configuration, the amount of wa- 
ter vapor in the chamber 1 A is limited, and th refore, 
the amount of water droplets 15 to be r tained in the 
drain pan 5 is also limited, and need not be drained 
away. 
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InFkjur 4A f the first heat exchanger 4, th drain 
pan 5, and a second heat exchanger 8 similar to the 
first heat exchanger 4 are arranged in the airtight case 
20 accommodating the cooling module 2 for cooling 
the electric equipment 3 connected thereto. The pipe 
6A is coupled between the cooling medium supply 
unit 10 and the first heat exchanger 4, the pipe 6B is 
coupled between the first heat exchanger 4 and the 
cooling module 2, the pipe 6C is coupled between the 
cooling module 2 and the cooling medium supply unit 
10, respectively. The electronic equipment 3, the 
cooling module 2, and the pipes 6A, 6B, and 6C are 
coated with or surrounded by the heat insulating ma- 
terial or member 7. 

A duct 9 runs between the first heat exchanger 4 
and the second heat exchanger 8, to allow the ex- 
haust A to be expelled from the first heat exchanger 
4 to the second heat exchanger 8. The drain pan 5 is 
incorporated in the duct 9. The fan 4A of the first heat 
exchanger 4 is actuated to draw air from the chamber 
20A into the first heat exchanger 4, as indicated by an 
arrow F1 1 . The exhaust A from the first heat exchang- 
er 4 is drawn into the second heat exchanger 8, which 
then raises the temperature of the exhaust A and ex- 
pels the exhaust A to the chamber 20A as indicated 
by an arrow F13. 

To raise the temperature of the exhaust A, for ex- 
ample, a valve 16 (e.g., two-way valve) is formed at 
an outlet pipe 21 B of a cooling water circulating in the 
cooling medium supply unit 10, pipes 6K and 6L are 
connected to the second heat exchanger 8, and a 
temperature sensor 1 8 is incorporated in the chamber 
20 A Therefore, when the temperature sensor 18 
senses a given temperature, the valve 16 is switched 
in accordance with a detection signal S through a con- 
troller 50 to provide the second heat exchanger 8 with 
high-temperature waste water 17, via the pipes 6K 
and 6U so that the temperature of the chamber 20A 
matches that of the outside air. The second heat ex- 
changer 8 may be provided with a heater. This also 
permits an adjustment of the temperature of the 
chamber 20A, depending on the reference tempera- 
ture set by the sensor 18. 

Then, the cooling medium 1 1 cooled to a given 
low temperature is supplied from the cooling medium 
supply unit 1 0 to the first heat exchanger 4 via the pipe 
6A, and after being circulated in the first heat ex- 
changer 4, the cooling medium flows out of the first 
heat exchanger 4 to the supply port 2A of the cooling 
module 2 via the pipe 6B. After being circulated in the 
cooling module 2, the cooling medium flows out of the 
feedback port 2B of the cooling module 2, and is fed 
back to the cooling medium supply unit 10 via the pipe 
6C. On the other hand, the exhaust A from the first 
heat exchanger 4 is h a ted to a giv n temperature by 
the second heat exchanger 8, and thus the tempera- 
ture of the chamber 20A matches that of the outside 
air. 



In this case, th electronic equipment 3, the cool- 
ing modul 2, and the pipes 6A, 6B, and 6C ar pre- 
ferably coated with or surrounded by the heat insulat- 
ing material or member 7. N v rtheless, th airtight 
5 case 20 need not be always coated with a heat insu- 
lating material, and therefore, can be formed at a low- 
er cost than that of the airtight case 1 in the first aspect 
of the invention. 

In the foregoing configuration, when the cooling 
10 medium 1 1 has a temperature lower than a room tem- 
perature RT, the temperature change is represented 
as a curve ml in Figure 4B. The first heat exchanger 
4 cools the air in the chamber 20A to lower the tem- 
perature from T a1b) to 

T"aiout» on a curve n2, and thus 
15 raises the temperature of the cooling medium 1 1 from 

Tim tO 

T~ioct- Water droplets generated by the rapid 
cooling of the air of the chamber 20A are retained in 
the drain pan 5, to thus dehumidrfy the chamber 20A 
The cooling module 2 absorbs heat dissipated from 

20 the electronic equipment 3, to raise the temperature 
of the cooling medium 11 from T^n to T 20 ut» and the 
second heat exchanger 8 lowers the temperature of 
the high-temperature waste water 17 from T^ to 
Two*, on a curve h, to raise the temperature of the ex- 

25 haust A expelled by the second heat exchanger 8 
from Tazn to T^out. and thus the temperature of ex- 
haust expelled from the second heat exchanger 6, as 
indicated by an arrow F13, substantially matches the 
room temperature RT. 

30 In the aforesaid configuration, similar to the pre- 
vious configuration, a circulation of the cooling me- 
dium 1 1 causes the first heat exchanger 4 to first per- 
form a dehumidrflcation. This lowers the dew-point 
temperature T^ to a low value indicated by a dashed 

35 line in Fig. 4B, and eventually prevents an occurrence 
of condensation and frosting during the cooling by the 
cooling module 2. 

In the configurations shown in Figures 3A and 4A, 
the first heat exchanger 4 and the cooling module 2 

40 are coupled in series using the pipes 6A, 6B, and 6C. 
Alternatively, as shown in Figure 5, pipes 6E and 6F 
forming the pipeline 6 may be employed such that the 
first heat exchanger 4 and the cooling module 2 are 
coupled in parallel. In this case, for example, a control 

45 valve 19 is provided at an inlet of the first heat ex- 
changer 4 through which the cooling medium supply 
unit 10 supplies the cooling medium 1 1 , to thereby ad- 
just the flow rate of the cooling medium supplied to the 
first heat exchanger 4 and the cooling module 2. The 

50 control valve 19 controls the passage area of the pi- 
peline 6 in which the valve 19 is located. 

In Figure 6A, a heater 12 for heating the cooling 
medium 1 1 supplied to the cooling module 2 is mount- 
ed on the pipe 6B. 

55 At th start of th cooling, first the heater 12 is 

energized and the cooling medium 11 is circulated, 
and then the first heat exchanger 4 is actuated to pro- 
vide a dehumidification eff ct Th reaft r, th heat r 
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12 is de-energized, and the el ctronic quipm nt3is 
operated, and finally, the cooling module starts th 
cooling process. 

The t mperatur of the circulating cooling me- 
dium 1 1 at the inlet of the first heat exchanger 4 drops 
from a point P1 or the temperature at the start of cool- 
ing to T 1ln as shown in Figure 6B, and the temperature 
at the outlet of the first heat exchanger 4 becomes 
T 10lrf . Therefore, the dehumidification in the first heat 
exchanger causes the dew-point temperature of the 
chamber 1 A or 20A to drop, as indicated by a dashed 
line. 

Further, the heater 12 is energized to temporarily 
raise the temperatures of the cooling medium 1 1 in the 
cooling module 2 to T^* and T^** during the dehu- 
midification. Then, when the dew-point temperature 
T**, fully drops (i.e., when a time represented by 42 
in Fig. 6B has lapsed from the point P,), the heater 12 
is de-energized, and at a point P2, the electronic 
equipment 3 is operated. Thereafter, the temperature 
of the cooling medium 1 1 at the feedback port of the 
cooling medule 2 is raised to T^ to cool the electron- 
ic equipment 3. 

After the dew-point temperature T^ of the cham- 
ber 1 A or 20A drops, the cooling module 2 starts the 
cooling operation, and therefore, even if the temper- 
ature of the cooling medium 11 is relatively abruptly 
lowered after the cooling is started, neither condensa- 
tion nor frosting occurs. 

Note, in an example shown in Fig. 6B, as can be 
seen in a hatched area thereof, the dew-point temper- 
ature T^ is temporarily higher than the temperature 
of the cooling medium 1 1 at the outlet of the first heat 
exhanger 4, and accordingly, condensation may oc- 
cur in the cooling module 2 or the electronic equip- 
ment 3. 

In this case, when the arrangement of the pipes 
6A, 6B, and 6C is modified as indicated by imaginary 
lines 100, the first heat exchanger 4 and the cooling 
module 2 are coupled in parallel. The mark "phantom 
cross" 101 denotes that the pipeline bearing the same 
does not exist in the modified arrangement. Namely, 
in the modified arrangement, the passage labelled 
"phantom cross" is replaced by the passage designat- 
ed by the imaginary line 100. This modified configur- 
ation also provides the aforesaid advantages. 

In Figure 7A, a third heat exchanger 14 is mount- 
d on the pipes 6E and 6F forming the pipeline 6 for 
coupling the first heat exchanger 4 and the cooling 
module 2. In the third heat exchanger 14, the cooling 
media 11 supplied to and fed back from the cooling 
module 2, to thus mutually exchange heat with each 
other. 

When th cooling medium supply unit 1 0 supplies 
th cooling medium 1 1 , th electronic equipment 3 is 
operated at the same time, and thus the temperature 
of the cooling medium 1 1 supplied to the cooling mod- 
ule 2 is retained at a high level by the third heat ex- 



changer 14. 

Figure 7B shows a temperature chang of the 
cooling medium in this case. First, th first heat ex- 
changer 4 raises th temperature of th cooling me- 

5 dium 11 from T^ to T 10ul , on a curve ml, and thus 
cools the air of the chamber 1 A or 20A to lower the 
temperature from T^ to T^, on a curve n1, which 
causes the dew-point temperature T^ to drop. Next, 
the third heat exchanger 14 raises the temperature of 

w the cooling medium 1 1 from T 3ln to T^ on a curve m2, 
then the cooling module 2 raises the temperature of 
the cooling medium 11 from T m to T^, and finally, 
the third heat exchanger 14 cools the fed-back cool- 
ing medium to lower the temperature from T^. to 

15 T^, on a curve m3. 

In this case, even when the cooling medium sup- 
ply unit 10 and the electronic equipment 3 are oper- 
ated simultaneously, the cooling will not cause either 
condensation or frosting. 

20 If the arrangement of the pipes 6E and 6F is modi- 

fied as indicated by an imaginary line 100, the first 
heat exchanger 4 and the cooling module 2 are cou- 
pled in series. Fig. 7C shows the modified arrange- 
ment of Fig. 7A, for reference. This modified config- 

25 u ration also provides the aforesaid advantages. 

In Figure 8A, a valve 13 is provided between the 
pipe 6B coupling the first heat exchanger 4 with the 
cooling module 2 and the pipe 6C for feeding back the 
cooling medium from the cooling module 2. The cool- 
so ing medium 1 1 flowing out of the first heat exchanger 
4 is supplied to the cooling module 2 or fed back di- 
rectly to the cooling medium supply unit 10 according 
to the operation of the valve 3, which is, for example, 
a two-way valve. The valve 1 3 controls the flow of the 

35 cooling medium 1 1 in the cooling module 2. 

At the start of cooling, the cooling medium 11 
flowing out of the first heat exchanger 4 is fed back di- 
rectly to the cooling medium supply unit 10, as indi- 
cated by an arrow D1, whereby the chamber 1A or 

40 20A is dehumidified. Thereafter, the cooling medium 
11 flowing out of the first heat exchanger 4 is supplied 
to the cooling module 2, as indicated by an arrow D2, 
to thus cool the electronic equipment 3. 

The temperature of the circulating cooling me- 

45 dium 1 1 at an inlet of the first heat exchanger 4 drops, 
as shown in Figure 8B, from a point P1 or the temper- 
ature at the start of coooling to T 1to , and the tempera- 
ture at an outlet of the first heat exchanger 4 becomes 
T 10(lt . Therefore, the dehumidification in the first heat 

so exchanger 4 causes the dew-point temperature T**, 
of the chamber 1 A or 20A to drop, as indicated by a 
dashed line. 

Further, the valve 13 is switched so that no cool- 
ing medium 1 1 is supplied to the cooling module 2 dur- 
55 ing th dehumidification, and when th dew-p int 
temperature T^ drops, the valve 13 is switched so 
that the cooling medium 11 can b supplied to the 
cooling module at a point P3, and as a result, the tem- 
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peratur ofth cooling medium at th inlet of the cool- 
ing modul 2 drops to T^. Th el ctronic equipment 
3 is operated at a point P4, and after the cooling me- 
dium 1 1 is circulated through the cooling module 2, to 
cool the electronic equipment 3, the temperature of 5 
the cooling medium 1 1 rises to T 2out . 

Similar to the previous configuration (Fig. 6A), af- 
ter the dew-point temperature of the chamber 1A or 
20A drops, the cooling module 2 starts a cooling op- 
eration, and therefore, condensation and frosting can w 
be prevented. 

In this case, the arrangement of the pipes 6A, 6B, 
and 6C may be modified so that the first heat exchang- 
er 4 and cooling module 2 can be coupled in paralle, 
as shown in Fig. 8C. This modified configuration also is 
provides the aforesaid advantages. 

As described previously, according to the present 
inventions, cooling by a cooling module is preceded 
by a dehumidification by a first heat exchanger, which 
prevents an occurrence of condensation and frosting 20 
during cooling by the cooling module. 

Therefore, faults resulting from the condensation 
and frosting do not occur, thus ensuring a stable op- 
eration. Moreover, a special dehumidification unit 
equipped with a refrigerator need not be installed, 25 
thus simplifying the system configuration and reduc- 
ing costs. 



Claims 30 

1. An electronic equipment cooling apparatus com- 
prising: 

an airtight case (1, 20) having an internal 
chamber (1 A, 20A); 35 

a cooling module (2) located in the airtight 
case for cooling an electronic equipment (3) to be 
cooled; 

a first heat exchanger (4) located in the air- 
tight case for dehumidrfying the internal chamber 40 
of the airtight case; 

an external cooling medium supply unit 
(10) located outside the airtight case for feeding 
a cooling medium; and, 

a pipeline (6) connecting the external cool- as 
ing medium supply unit, the cooling module and 
the first heat exchanger for a circulation there- 
through of the cooling medium from the external 
cooling medium supply unit in the cooling module 
and the first heat exchanger, to thereby lower a 50 
dew-point temperature in the airtight case. 

2. A cooling apparatus according to claim 1 , wherein 
said airtight case (1) is made of a heat insulating 
material. 55 

3. A cooling apparatus according t claim 1 or 2, fur- 
ther comprising a heat insulating m mber (7) sur- 



rounding a portion of th pipeline (6) located out- 
sid the airtight case (1 ). 

4. A cooling apparatus according t claim 1,2 or 3, 
further comprising a reservoir (5) in the airtight 
case for holding water droplets from the first heat 
exchanger (4). 

5. A cooling apparatus according to claim 4, wherein 
said reservoir (5) is a drain pan located below the 
first heat exchanger (4). 

6. A cooling apparatus according to any preceding 
claim, further comprising a second heat exchang- 
er (8) connected to the first heat exchanger (4) in 
the airtight case through a duct (9) to receive an 
exhaust from the first heat exchanger (4) and in- 
crease a temperature of the exhaust 

7. A cooling apparatus according to any preceding 
claim, further comprising a heat insulating means 
(7) for thermally insulating the cooling module (2), 
the electronic equipment (3) and the pipeline (6). 

8. A cooling apparatus according to claim 7, wherein 
said heat insulating means (7) comprises a heat 
insulating member surrounding the cooling mod- 
ule (2), the electronic equipment (3) and the pipe- 
line (6). 

9. A cooling apparatus according to any preceding 
claim, wherein said cooling module (2) and said 
first heat exchanger (4) are connected to each 
other in series by said pipeline (6), so that the first 
heat exchanger is located upstream of the cooling 
module. 

10. A cooling apparatus according to any one of 
claims 1 to 6, wherein said cooling module (2) and 
said first heat exchanger (4) are connected to 
each other in parallel by said pipeline (6). 

11. A cooling apparatus according to any preceding 
claim, further comprising a heater (12) provided in 
the pipeline (6) directly connected to an inlet of 
the cooling module (2). 

12. A cooling apparatus according to any preceding 
claim, further comprising a third heat exchanger 
(14) in the pipeline (6) between the first heat ex- 
changer (4) and the cooling module (2). 

13. A cooling apparatus according to claim 12, 
wherein the portions of th pipelin connected to 
th cooling module and located upstream and 
downstream of th cooling module are close to 
each other in the third h at xchanger (14), 
wh rebyaheat xchangeofth cooling medium 
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at the upstream and downstream pipeline por- 
tions can be ffectively carried out 

14. A cooling apparatus according to any preceding 
claim, further comprising a valve (1 3) in the pipe- 5 
line (6) between the first heat exchanger (4) and 

the cooling module (2), to selectively stop the flow 
of the cooling medium in the cooling chamber. 

15. A cooling apparatus according to claim 14, 10 
wherein the pipeline (6) comprises a bypass pas- 
sage bypassing the cooling module and in which 

the first heat exchanger is provided. 



8 



EP0 509 844A1 




9 



EP0 509 844A1 




10 



EP 0 509 844 A1 



T(TEMPERATURE) 



Fig. 3B 



ELECTRONIC 
EQUIPMENT 3 




FIRST HEAT 
EXCHANGER 4 



COOLING n 
MODULE 2 



Fig.3C 



T (TEMPERATURE) 





"A 

i 

1 1 
i 
i 
i 
i 


* w 

\ \\ 
\ \\ 

I \ \\ ✓ 

\ \ w / 

\ v V\ / 
\ x ^ — - / 








i 
i 
i 




i 
i 
i 





•RT 



T20UT 



y^-Tiouf=l2in 
. Tdew 



t 

COMMENCEMENT 
CF COOLING 
MEDIUM SUPPLY 



t 

COMMENCEMENT OF 
HEAT GENERATION 



^Ttin 
t(time) 



11 



EP 0 509 844 A1 



Fig. 4A 




Fig. 4B 




J J i 1 



/ V y / * V ' 

8 4 2 



12 



EP0509 844A1 



Fig. 5 



6(6H 




13 



EP0 509 844A1 
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Fig. 8A 
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Fig.8C 
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c oling apparatus including 

an airtight case (1, 20) having an internal chamber (1A, 20A), a 
cooling module 

(2) located in the airtight case for cooling an electronic 
equipment (3), a 

first heat exchanger (4) located in the airtight case for 
dehumidifying the 

internal chamber of the airtight case, an external cooling medium 
supply unit 

(10) located outside the airtight case for feeding a cooling 
medium, and a 

pipeline (6) connecting the external cooling medium supply unit 
the cooling 

module and the first heat exchanger to make a circulation 
therethrough of the 

cooling medium from the external cooling medium supply unit in 
the cooling 

module and the first heat exchanger, to thereby lower a 

dew-point temperature 

in the airtight case. <IMAGE> 
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